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Summary
A total of 360 pigs (initially 22.2 lb and 31 d of age) was used in a 21-d growth assay. This trial was conducted as a combination of two separate trials in order to simultaneously examine both the true ileal digestible lysine and true ileal digestible threonine requirement and determine the appropriate threonine:lysine ratio. The first part of the trial consisted of five treatments with increasing dietary lysine (1.0. 1.1, 1.2, 1.3 and 1.4% true digestible lysine). The second part consisted of five treatments with increasing dietary threonine (0.66, 0.72, 0.78, 0.84 and 0.91% true ileal digestible threonine). The highest level of both lysine and threonine (1.4% and 0.91% respectively) served as a positive control, and this diet was combined as one treatment to give a total of nine treatments. Average daily gain increased to 1.3% true ileal digestible lysine, and then plateaued, while ADG increased to 0.78% true ileal digestible threonine, suggesting a threonine:lysine ratio of 60% for ADG. Increasing dietary lysine improved F/G linearly through 1.4% true ileal digestible lysine, while F/G improved up to a level of 0.84% true ileal digestible threonine. Using a level of 1.4% true ileal digestible lysine, a threonine:lysine ratio of approximately 60% is implicated for F/G. Amino acid and plasma urea N values were measured on d 10 of the trial. Plasma lysine concentrations were maintained steadily as the true ileal digestible lysine level increased, with a slight increase in plasma lysine concentration observed as the true ileal digestible lysine level increased from 1.3% to 1.4%. A linear increase (P<.0001) in plasma threonine concentration was observed as true ileal digestible threonine increased from 0.66% to 0.91%. Plasma urea N decreased linearly (P<0.0003) with increasing true ileal digestible lysine. As true ileal digestible threonine increased, there was no difference seen in plasma urea N concentration. Following analysis of the data, a true ileal digestible threonine to lysine ratio of 60% is suggested. A second study is in progress where the higher true digestible lysine level of 1.5% is used to verify trial results.
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Introduction
The current National Research Council (NRC; 1998) suggests a true ileal digestible threonine:lysine ratio of 62% for a 22-to 55lb pig. This recommendation is derived from many trials that investigated the optimal threonine:lysine ratio by titrating different threonine levels in diets containing a predetermined lysine level. There are problems with this approach to determine a ratio, as a certain lysine level is chosen without knowledge of the actual lysine requirement for the specific group of pigs used in the various studies. We cannot be certain that the lysine level used initially is adequate for the pigs. The objective of this experiment was to determine the optimal ratio of threonine to lysine in diets to maximize growth performance of nursery pigs. To achieve our objective, two experiments were run simultaneously. One trial was conducted to determine the lysine requirement, and the second to determine the threonine requirement. By examining results of both studies, we are able to determine a threonine:lysine ratio.
Procedures
A total of 360 pigs (initially 22.2 lb and 31 d of age) was used in a 21-d growth assay. Pigs were weaned at an average age of 18 d and fed a common diet for 13 d before the experiment. Pigs were housed in an environmentally controlled nursery. Temperature was maintained at 87°F for the first week and reduced by 2°F each week to maintain pig comfort. Each pen (4-ft 2 with slatted metal flooring) contained a stainless steel self-feeder and one nipple waterer to allow ad libitum consumption of feed and water.
Diets were corn-soybean meal based (Table 1). The positive control diet was formulated with the highest lysine (1.4%) and threonine (.91%) level. In formulating the remaining diets, either L-lysine HCl or Lthreonine was replaced with cornstarch. L-lysine HCl addition decreased to provide 1.3, 1.2, 1.1 and 1.0% true ileal digestible lysine. The diets for the threonine trial were set at 1.4% lysine, while crystalline L-threonine decreased to obtain 0.84, 0.78, 0.72, and 0.66% true ileal digestible threonine. Diets were fed in meal form. Experimental diets were fed for 21 d. Pigs were weighed, and feed disappearance measured on d 7, 14, and 21 to determine the response criteria of ADG, ADFI, and F/G. Blood samples were obtained by venipuncture on d 10 from two randomly selected pigs in each pen following a 3-hour period of feed deprivation. Plasma urea nitrogen (PUN) concentration was determined on each sample. Plasma from pigs in the same pen was pooled for amino acid analysis.
Data were analyzed as a randomized complete block design using the PROC MIXED procedure of SAS with pen as the experimental unit. Linear and quadratic polynomial contrasts were performed to determine the effects of increasing dietary lysine and threonine.
Results and Discussion
Overall, there was a linear increase in ADG (P<0.003) as dietary lysine content increased from 1.0 to 1.4% true ileal digestible lysine (Table 2) . Although the response to lysine was linear, there was very little increase in ADG as true ileal digestible lysine increased from 1.3 to 1.4%. Feed efficiency improved linearly (P<0.0001) as true ileal digestible lysine increased, indicating that we may not have reached the pigs' requirement for lysine. Plasma urea N, measured on d 10, decreased linearly (P<0.0003) with increasing true ileal digestible lysine, with only a slight decrease being observed between 1.3% and 1.4% true ileal digestible lysine (Table 4) . Plasma lysine concentrations were not affected by increasing true ileal digestible lysine, but numerically increased as true ileal digestible lysine increased from 1.3 to 1.4%. In the lysine trial, plasma threonine, phenylalanine, and valine concentrations continued to fall linearly up to 1.4% true ileal digestible lysine (P<0.01).
As dietary threonine increased, there was a quadratic (P<0.05) increase in ADG (Table 3) . Average daily gain increased to 0.78% true ileal digestible threonine and plateaus thereafter. A linear improvement in F/G (P<0.001) was observed as true ileal digestible threonine increased from 0.66% to 0.84%. Plasma urea N concentration was maintained as true ileal digestible threonine increased from 0.66% to 0.91%. Plasma threonine concentration increased linearly (P<0.001) with increasing dietary threonine. Plasma lysine concentration decreased quadratically (P<0.004), while plasma methionine concentration increased quadratically (P<0.03) for pigs fed levels of true ileal digestible threonine increasing from 0.66 to 0.91%.
Average daily gain increased with increasing dietary lysine up to a level of 1.3%, and up to 0.78% true ileal digestible threonine. Feed efficiency improved linearly as true ileal digestible lysine increased to 1.4%, while increasing dietary threonine improved F/G up to 0.84%. Thus, a ratio of 60% is implicated for both ADG and F/G. Typically, the requirement for F/G is higher than for ADG, which is also reflected in the blood analysis. In the current lysine trial, it appears from both the AA and PUN analysis, that our highest level of lysine (1.4% true ileal digestible) may not have reached the level required by these pigs for optimum performance. The results of our experiment suggest that the true ileal digestible threonine:lysine ratio for 22-to 55-lb pigs is approximately 60%.
The results of both experiments closely reflect results of other recent trials. A series of lysine experiments at Kansas State University and the University of Missouri indicates that the optimal lysine level for 25-to 55-lb pigs may be close to 1.32% true ileal digestible lysine or 1.46% total lysine. These requirements are substantially higher than the true ileal digestible lysine requirement of 1.1% suggested by NRC (1998) . Similar to the higher lysine requirement, the true ileal digestible threonine requirement of 0.78 to 0.84% is considerably higher than the level of 0.63% suggested by NRC (1998) . However, when compared on a ratio basis, the 60% true ileal digestible threonine to lysine ratio as suggested by this trial is very similar to the 62% suggested by the NRC (1998). Because the lysine response was linear through the highest level fed, further research needs to be conducted to verify the optimum ratio of true ileal digestible threonine to lysine to maximize performance in nursery pigs. A future trial at Kansas State University is planned where the highest level of lysine used will be 1.5% true ileal digestible lysine, to verify current results. 
